The status of the native coronary arteries at necropsy in the vicinity of the coronary anastomoses of saphenous vein aortocoronary bypass grafts in 20 patients with severe coronary heart disease is presented. Of the 37 graft systems (graft plus coronary artery into which graft inserted) analyzed, the lumina of 44% of the native coronary arteries within the first 2 cm distal to the anastomoses were greater than 75% narrowed in cross-sectional area by atherosclerotic plaques, and the native coronary artery at the site of the anastomosis was greater than 50% narrowed in crosssectional area already by atherosclerotic plaque in 25% of the graft systems. The mean coronary arterial size distal to the site of the cor-From the Pathology Branch, National Heart, Lung, and Blood Institute,
ALTHOUGH SEVERAL REPORTS have described morphologic observations in bypass grafts and in native coronary arteries of patients who had died shortly after aortocoronary bypass procedures,' 10 only one2 focused on the status of the native coronary arteries at, proximal, and distal to the anastomoses of the conduits.
The present report describes the status of the native coronary arteries in the vicinity of the coronary anastomoses in 20 patients (37 grafts) who died shortly after insertion of one or more saphenous vein conduits between ascending aorta and coronary artery.
Materials and Methods
Only patients in whom the major extramural coronary arteries were well preserved were included. Of the 20 patients, 13 were men aged 34 to 59 years (mean, 49) and seven were women, aged 32 to 73 years (mean, 52). All 20 patients preoperatively had severe angina pectoris (stable in five, unstable in 15) and five had histories of acute myocardial infarcts which had healed. By coronary angiography, all 20 patients had severe (judged to be greater than 75% reduction in luminal diameter) narrowing of two or more of the major extramural coronary arteries. Three of the 20 patients also had associated valvular heart disease: one underwent replacement of the mitral valve; one of the aortic valve; and one of both mitral and aortic valves. Clinical evidence of preoperative congestive cardiac failure was present in only three patients, two of the three with associated valvular heart disease (aortic valve, and aortic and mitral valve) and one patient with associated left ventricular aneurysm. By left ventricular angiography, 18 of the 20 patients had wellcontracting left ventricles. One patient had localized dyskinesia and one had diffuse hypokinesia and ventricular onary graft anastomosis, even after correction for heart weight, was greater in the 13 men than in the seven women. The residual luminal areas squared per gram of heart weight, however, were similar in both men and women. These results suggest that 1) relative coronary vessel size is greater in men than women; 2) the luminal area squared per gram myocardial mass (a relative estimation of flow) is the same in the two groups of patients; and 3) less atherosclerotic plaque is necessary in women then in men to produce similar limitation to coronary flow. Thus, vessel size alone cannot account for the higher reported frequency of unsuccessful aortocoronary bypass procedures in women.
aneurysm. Of the 20 patients, 15 died within 24 hours and the other five, from four to 56 days after operation. The heart weights ranged from 300 to 700 g, an average of 412 in the women and 447 in the men.
Each specimen was divided for analysis into "graft systems" defined as the vein graft and the entire extramural coronary artery both proximal and distal to the coronary anastomosis. A total of 37 graft systems were available for study: 25 (68%) in men, and 12 (32%) in women. After fixation, each graft system (graft plus coronary artery) was sectioned at 5 mm intervals at right angles to its longitudinal axis. Each 5 mm segment was processed in alcohols and xylene, embedded in paraffin, cut and stained. At least two sections from each 5 mm segment were examined microscopically.
Each graft system was divided into six segments ( fig. 1 ): 1) 2 cm portion of coronary artery immediately distal to the anastomosis (segment 1); 2) the remaining portion of coronary artery distal to segment 1 (segment 2); 3) 2 cm portion of coronary artery immediately proximal to the graft anastomosis (segment 3); 4) the remaining coronary artery proximal to segment 3 (segment 4); 5) the anastomotic site of the graft to the coronary artery (segment 5); and 6) the entire vein graft (segment 6).
Determining the Size of the Coronary Arteries
The size of the coronary artery in segment I of each graft system was determined by planimetry. The smallest of the four sections in this 2 cm segment was measured. Each section was stained by Movat's pentachrome method which clearly delineates the artery's internal elastic membrane. The circumferences of both the internal elastic membrane and the lumen were traced after projection at known magnification ( fig. 2 ). Where the internal elastic membrane was artifactually indented or in areas of atherosclerotic plaque where the membrane was fragmented, extrapolation to a circular lumen was performed ( fig. 2 ). Planimetry (KE compensating polar planimeter) was carried out on each tracing, yielding the area contained by the internal elastic membrane and the 741 VOL 55, No locat area contained by the lumen. The area contained by the internal elastic membrane was considered the artery's normal size, and this measurement was used to compare the original size of one vessel to that of another. Percent luminal narrowing by plaque was determined from these calculations in segment 1. The percent luminal narrowing in segments 2-6 was n yu estimated from study by light microscopy of the section of ery each segment showing the most cross-sectional luminal narrowing and graded as < 25%, 25-50%, 51-75%, and > 75%. In segment 5, where the graft anastomosis distorted the lumen of the native coronary vessel, percent luminal narrowing was estimated after extrapolation to a closed, circular lumen.
Results
The findings of coronary artery narrowings are summarized in table l.
Segment I
This segment was greater than 75% narrowed in cross- This segment in another 11 graft systems (10 in men) was narrowed 51-75%. Thus, in 88% of the graft systems in men and in 50% in women, this segment was greater than 50% narrowed ( fig. 4 ). Only two (6%) of the 36 graft systems tions of the six showed less than 25% narrowing in this segment. In seven of the 16 
Segment 2
This segment was greater than 75% narrowed in eight (24%) of 33 graft systems analyzed: in five (22%) of 23 graft systems in men and in three of ten graft systems in women. In only two patients was this segment 51 to 75% narrowed. Thus, in only 30% (10 of 33) of the graft systems was this segment greater than 50% narrowed. 1~Ṽ ,-t- This segment was greater than 75% narrowed in 21 (58%) of 36 systems analyzed, 51 to 75% narrowed in six (17%), and less than 50% narrowed in nine (25%). The degree of narrowing of this segment was similar in both men and women.
This segment was greater than 75% narrowed in 27 (73%) and 5 1-75% narrowed in 10 (27%) of 37 graft systems analyzed. The degree of narrowing was similar in both men and women. This segment was greater than 75% narrowed in one (3%), 51-75% narrowed in seven (21%), and less than 50% narrowed in 25 (76%) of 33 graft systems analyzed (figs. 5 and 6).
Segment 6
Of the 37 grafts, 2 (5%) were totally occluded by thrombus ( fig. 7 ); 10 others had mural fibrin deposits (figs. 8 and 9). In 9 of these 12 graft systems, fibrin thrombus also was present in the coronary artery at the anastomosis (table 2) , and in 4, the coronary arteries proximal to the graft anastomoses contained fibrin thrombi ( fig. 10 ).
Dissection of Native Coronary Artery at or Near Graft Anastomosis
Dissection occurred in five (14%) of the 37 graft systems.
The dissection was confined to the artery within 2 cm of the anastomosis in four graft systems (fig. 6 ), and in the fifth, it was 8 cm long ( fig. 11 ). In two additional graft systems, the atherosclerotic plaque opposite the site of vein anastomosis was separated from the medial wall ( fig. 12 ). If these two graft systems are included, then disruption of the coronary artery at the anastomosis due to technical factors occurred in seven (19%) of 37 graft systems. 
S.
C.~A RTERY FIGcURE 9. Subendothelialfibrin in a 56-day-old vein bypass graft (male patient). Marked intimalfibrous proliferation (IFP) is present and the smooth muscle in the media is diminished. Phosphotungstic acid-hematoxylin stain; X 54. within 2 cm distal to the vein graft anastomosis in the 22 graft systems in men and in the 12 graft systems in women is plotted in figure 13 . Three graft systems (all in men) were excluded from these comparisons because the grafts were anastomosed to the proximal portions of the coronary arteries and could not be compared with the other 34 grafts which were inserted at, or distal to, the middle portion of the mean area of the residual lumens was 63 X 10-4 cm2 in men and 55 X 10-4 cm2 in women ( fig. 13 ). This difference in mean arterial size between men and women cannot be explained by differences in mean heart weights. When the original arterial areas are divided by the cardiac weights for each graft system, the mean values (all X 10-4 cm2/g) were 0.417 in men and 0.316 in women. Luminal size, however, was almost identical in men and women, 0.133 vs 0.131 (X 10-' cm2/g).
In order to compare the data in men and women on the basis of coronary flow rather than cross-sectional area, the areas of the internal elastic membranes and lumens were squared. This calculation expresses the data in terms of radius to the fourth power Newtonian fluid through a nondistensible cylinder) rather than radius squared (area); results were then divided by heart weights and are listed in table 3. The relative arterial sizes (expressed as area2) between men and women remained significantly different after correction for differences in heart weight, but the luminal sizes (area2) were similar, suggesting similar limitation to coronary flow in the two groups. Comments A high (44%) frequency of significant (> 75%) coronary arterial luminal narrowing by atherosclerotic plaque was found distal to the site of graft insertion in the 37 graft systems studied histologically in our 20 patients. The distal obstructions were due solely to atherosclerotic plaques. Thus, in nearly one-half of the graft systems studied, the bypass grafts failed to bypass significant obstructions. This result suggests that either the grafts were not placed far enough distally or that angiography failed to demonstrate the more distal narrowings or both. Since 44% of the native coronaries which were greater than 75% narrowed within 2 cm distal to the graft anastomosis were less than 75% narrowed in the remaining coronary artery, placement of the graft more distally would have bypassed significant obstructions in these patients, assuming that such anastomoses had been technically feasible. Comparison of men to women in this study disclosed similar degrees of maximal crosssectional luminal narrowing by atherosclerotic plaques in all segments studied in each group. The mean coronary arterial size, however, was smaller in the women than in the men. This difference was not explained entirely on the basis of differences in heart weights between the sexes. Residual coronary arterial luminal area squared (which can be taken as a measure of outflow of the graft system), however, was almost identical in men and women after correction for heart weight. Thus, less atherosclerotic narrowing is required to produce a given limitation to blood flow in women than in men1l-4 ( fig. 14) . Although greater than 50% luminal narrowing of the coronary artery in the segment distal to the graft anastomosis was found in 50% of the women compared to 88% of the men, the mean residual luminal area in each sex was similar because the original vessel size in the women was smaller. Smaller coronary size alone, therefore, cannot account for the slightly higher reported early mortality in women than in men after aortocoronary bypass surgery. 15, 16 A relatively high (17%) frequency of coronary arterial dissection at the level of the vein graft anastomosis was found. The length of the dissection, however, was short in all but one patient. The occurrence of this complication appeared to be the result of detachment of atherosclerotic plaque from the coronary wall and was seen most commonly when the > Heart weight > Vessel size/gm. myocardial mass = Luminal area/gm. myocardial mass > % cross-seonal kuminal narrowing 748 CI RCULATION CORONARY BYPASS GRAFTS/Spray, Roberts anastomosis was created at a site of moderately severe atherosclerotic narrowing. The presence of such plaque at the site of anastomosis was common: greater than 50% narrowing at this location occurred in about 25% of the graft systems studied. The presence of fibrin deposits on the walls of both grafts and adjacent coronary arteries in many patients may be related to injury to the vessel walls by high flow or "jet" lesions or to relative stasis of blood in these graft systems.2 17 18 If similar deposits occur in successful grafts, organization of the fibrin deposits may result in luminal narrowing of the graft, or increases in the degree of narrowing of the coronary artery at or distal to the anastomoses. 1 7 Thrombosis in our patients was occasionally present in the portion of the coronary artery proximal to the graft. In this location, it presumably is the result of relative stasis caused by competitive blood flow due to stenosis in the upstream coronary artery. [19] [20] [21] [22] [23] [24] 
